Petroleum ether extracts of 63 varieties of plant species, including 37 varieties of leaves, 14 varieties of seeds, 10 varieties of flowers and 2 varieties of fruits were tested for larvicidal activity against 3rd instar larvae of important vector mosquitoes i.e. Culex quinquefasciatus, Anopheles stephensi and Aedes aegypti (Diptera: Culicidae). A 24 h bioassay showed that six plant extracts, Acacia nilotica, Argemone mexicana (leaves and seeds), Citrullus colocynthis, Jatropha curcas and Withania somnifera were toxic, with an LC 50 value of less than 100 ppm against all three vector mosquitoes tested.
INTRODUCTION
Mosquitoes constitute the most important single family of insects from the standpoint of human health. Due to their high potential to exploit even adverse environmental conditions, mosquitoes can rapidly increase their population. In developing countries like India, annual morbidity from malaria is about 4 to 5 million, about 236 million live in filariasis endemic areas and dengue fever continues to be a threat to several million (Park, 1997) . Vector control is an essential and effective means for controlling the transmission of these mosquitoborne diseases. Owing to its quick action, synthetic insecticide is the first line of defense, but the continuous use of synthetic insecticides may led to the development of resistance and permanent residual effect on the bio-environment, which can be detrimental to animals, including humans (Matsumura, 1975; Harshan et al., 1992) . When applied carelessly, they may also cause undesirable, acute and long-term side effects. Hence it is an important to search for easily degradable alternative insecticides to control vector mosquitoes.
The pharmacological and insecticidal properties of plants have been recognized in many parts of the world, especially in India, where plant materials are easily available and their use in health practices is a tradition. Available sources of indigenous plant material can possibly be used to control mosquitoes in and around human habitation after screening them in the laboratory. Biologically active components in plants are known to be alkaloids, terpenoids, flavonoids, phenolic compounds, organic acids or lipids (Harborne, 1998) . Many of the defensive components of plants are biodegradable with non-residual effects on the biological environment; hence, an attempt has been made in the present investigation to identify plants with potential to control vector mosquitoes.
MATERIALS AND METHODS
Collection of plant materials. Plant materials such as leaves, flowers, fruits and seeds of 60 species belonging to 56 genera and 27 families were collected in and around the foothills of Sirumalai, Dindigul District, Tamil Nadu, India. These plants were selected on the basis of their availability, aromatic smell, bitter taste and resistance to damage by insect pests. The collected plant materials were placed in polyethylene bags and brought Evaluation of certain insecticidal plants for the control of vector mosquitoes viz. Culex quinquefasciatus, Anopheles stephensi and Aedes aegypti to the laboratory, and were identified using standard volumes of Flora of the presidency of Madras (Gamble, 1967) and Flora of the Tamil Nadu Carnatic (Mathew, 1982) and confirmed with the help of experts. The collected plant materials were washed, shade dried and powdered using a domestic mixer and stored in plastic containers separately.
Extraction using petroleum ether. The powdered materials were separately subjected to solvent extraction using polarity; petroleum ether (BP 60-80°C) was selected for its biocidal efficiency and extracted with Soxhlet apparatus (Evans and Raj, 1988) . Crude extracts were separated using a rotatory evaporator, stored in glass vials and kept in a refrigerator until use.
Preparation of stock solutions. Two hundred and fifty milligrams of the crude extract was placed in a standard measuring flask and dissolved in 4 ml of acetone. To this mixture 0.1 ml of Tween 80 was added as an emulsifier. This mixture was made up to 250 ml using distilled water to prepare the stock solution, which was considered to be a 1,000 ppm solution. From 250 ml of stock solution, 125 ml was placed in a beaker and used as 1,000 ppm test solution, and the remaining solution was diluted with water up to 250 ml, and was considered as 500 ppm solution. This sequential method was used to prepare the other following test concentrations, 250, 125 and 62.5 ppm. A mixture of 4 ml of acetone and 0.1 ml of Tween 80 was made up to 250 ml in a standard measuring flask by adding distilled water to serve as the control solution (WHO, 1963) .
Bioassay. Bioassays were conducted (24 h) in glass beakers of 125 ml of test solutions with five replicates. Twenty early 4th instar larvae were introduced into each test solution with the appropriate control solution. The result was observed at 24 h and the percentage mortality was corrected using Abbotts formula (WHO, 2005) . The LC 50 value was calculated using the computation program of probit analysis (Finney, 1971) .
RESULTS
Plant species, including leaves, fruits, flowers and seeds, were collected and identified, and the list of plants, their families and parts used are given in Table 1 . The plant materials used for screening included 37 varieties of leaves, 14 varieties of seeds, 10 varieties of flowers and 2 varieties of fruit. The 63 extractions from different parts of plant material were subjected to 24 h bioassay using early 3rd instar larvae of C. quinquefasciatus, A. stephensi and A. aegypti at six different concentrations (1,000, 500, 250, 125, 62.5 and 31.25 ppm) of test solutions. Of the 63 extractions from different parts of plant material, seven plant species did not show any insecticidal property, and the rest of the plants showed various degrees of toxicity among the three vectors tested. Only those plants that showed an LC 50 value of less than 100 ppm for all three vector mosquitoes were considered as efficient insecticidal plants. Based on observations made in the 24 h bioassay studies among the 63 plant samples, six samples, four varieties of leaves and two varieties of seeds, showed an LC 50 value of less than 100 ppm for all three vector mosquitoes and were identified as efficient against them.
The LC 50 value, LC 90 value and other associated statistics such as 95% fiducial limit (upper and lower limits), regression equation and chi-square value of the observation of the 24 h bioassay studies of the 4th instar larvae of C. quinquefasciatus, A. stephensi and A. aegypti in petroleum ether extracts of bio-active plants are given in Table 2 . The overall assessment in the study showed that A. aegypti was more tolerant species than A. stephensi and C. quinquefasciatus. An LC 50 value of less than 50 ppm was observed in both leaves and seeds of A. mexicana against all three species of mosquitoes. The selected six plant materials have a good scope and could be useful to develop a product for the control of imago stages of vector mosquitoes.
DISCUSSION
Our earlier investigation on the toxicity evaluation of different organic solvent extracts against important vector mosquitoes showed that petroleum ether was more highly efficacious than other solvent extracts (Daniel et al., 1995; Daniel and Sakthivadivel, 2000) . Hence, petroleum ether extract was selected to screen the plant extracts in the present study. The 24 h bioassay is a major tool for evaluating the toxicity of phytotoxins, and a number of researchers have been applying this method to assess the toxic effect of different plant extracts on mosquitoes (Supavarn et al., 1974; Sujatha et al., 1988; Sakthivadivel and Daniel, 1999) . Extracts of phytotoxins with specific solvents exert a great influence on the resultant bioactivity. It is possible that the active components responsible for different bioactivities are extracted in greater measure only with certain specific solvents, and such specificity could be due to the polarity range of the solvents used for extraction. Earlier studies using plants selected for the present study revealed that the bioactive compounds in the leaves of A. nilotica were polyphenols (Ginwal et al., 1997) , glycosides, tannins, phytosterols, flavonoids and steroidal sapogenins in J. curcas (Lans et al., 2003) , withanaloids in W. somnifera (Jayaprakasam et al., 2003) , seeds of C. colocynthis that constituted elaterin, citrullol, hentriacontane, a phytosterol, and a mixture of fatty acids (Duke, 1990) and the whole plant of A. mexicana that contained alkaloids of protopine and sanguinarine and long chain alcohol (Sangwan and Malik, 1998; Sushma and Singh, 1999) . The mosquito larvicidal activity reported in the present study could be due to any of the bioactive compounds above.
All of the plants selected for the study thrive in diverse climatic conditions and soils, often under adverse conditions, and hence poor communities at risk from vector-borne diseases and unable to afford imported insecticides for vector control may be able to cultivate, process, and use the selected plants. 
